Background: Exercise has been shown to improve quality of life (QoL) in some cancer survivor groups, but it is unknown if the unique QoL issues faced by bladder cancer survivors are also amenable to an exercise intervention. This study provides the first data examining the association between exercise and QoL in bladder cancer survivors. Methods: Bladder cancer survivors identified through a provincial cancer registry were mailed a survey that included the Godin Leisure Time Exercise Questionnaire, the Functional Assessment of Cancer Therapy-Bladder (FACT-Bl) scale, and the Fatigue Symptom Inventory. Results: Of the 525 bladder cancer survivors (51% response rate) that completed the survey, 22.3% were meeting public health exercise guidelines in the past month, 16.0% were insufficiently active (i.e., some exercise but less than the guidelines), and 61.7% were completely sedentary. ANOVA indicated a general linear association between meeting
Introduction
In Canada, f6,400 new cases of bladder cancer were diagnosed in 2006, making it the sixth most common cancer (1) . The 5-, 10-, and 15-year survival rates are 82%, 76%, and 70.3%, respectively, indicating that most bladder cancer survivors can expect to live for many years after their diagnosis and treatments (2) . Bladder cancer survivors undergo various treatments that improve survival including, the most common, surgery (3) . For superficial tumors, adjuvant therapy commonly involves the insertion of cytotoxic agents directly into the bladder (4) . For metastatic and locally advanced disease, systemic chemotherapy is frequently used as an adjuvant treatment. Radiation therapy is less commonly used as a single modality treatment in North America (5) .
Bladder cancer survivors experience a number of side effects that may affect quality of life (QoL; ref. 6) . Urinary dysfunction and sexual difficulties are the primary side effects from treatment and may have acute and chronic effects (7) . Urinary dysfunction has been reported in up to 84% of superficial bladder cancer patients on treatment and up to 40% off treatment (6) . Over 50% of bladder cancer survivors report sexual dysfunction (8, 9) . Thus, poor physical and emotional functioning, body image disturbance, and mood state disturbances are common QoL issues faced by bladder cancer survivors (6) .
Recent systematic reviews (10, 11) have indicated that exercise improves a variety of QoL and health outcomes in various cancer survivor groups both during and after adjuvant therapies, including aerobic fitness, muscular strength, fatigue, depression, anxiety, self-esteem, body image, functional ability, and overall QoL. These findings have been based on the results of randomized controlled trials of primarily breast and prostate cancer survivors (12, 13) and observational studies in other cancer groups such as endometrial (14) , non -Hodgkin's lymphoma (15) , and multiple myeloma (16) survivors. No studies to date, however, have examined exercise and QoL in bladder cancer survivors. Bladder cancer survivors experience a number of unique QoL issues, such as urinary complications (7) and sexual dysfunction (6) , that may be less amenable to an exercise intervention and may also make it more difficult to exercise.
The purpose of the present study was to examine the association between exercise and QoL in bladder cancer survivors and, in the process, document the prevalence rate of exercise in this population. Secondarily, we explored the moderating effects of several demographic and medical variables on these potential associations. We hypothesized that exercise prevalence rates would be lower in bladder cancer survivors than in the general population or in other cancer survivor groups. We also hypothesized that exercise would be positively associated with QoL, particularly the physical and functional domains.
survivors diagnosed between January 1989 and December 2003 in Alberta, Canada was provided by the Alberta Cancer Registry. The study design was prospective for the additional purpose of collecting data on the determinants of exercise (data not presented here). Eligibility for the study included (a) 18 years old or older, (b) able to provide written consent in English, (c) approval for contact from a family physician or primary oncologist (required by our ethics boards), and (d) confirmed diagnosis of bladder cancer in the past 15 years.
Measures
Demographic and Medical Information. Demographic and medical information were collected from the registry and by self-administered questionnaire. Specifically, marital status, annual income, employment status, education level, ethnicity, height, weight, presence of an ostomy appliance, cystectomy, recurrence, and current cancer status were collected exclusively by self-report. Age, sex, time since diagnosis, tumor grade, tumor invasiveness (i.e., superficial or invasive), and treatment(s) received were collected from both the registry and self-report. For the medical variables, we first used information from the registry and supplemented it with selfreport in the case of missing data.
Exercise Behavior. A modified version of the Leisure Score Index from the Godin Leisure Time Exercise Questionnaire (18) was used to assess exercise behavior. Participants were asked to recall their average frequency and duration of mild (minimal effort, no perspiration), moderate (not exhausting, light perspiration), and strenuous (heart beats rapidly, sweating) exercise behavior for three separate time periods: (a) in the months before diagnosis, (b) during adjuvant therapy (if applicable), and (c) in the past month. We calculated weekly exercise minutes for mild, moderate, and strenuous activities plus combined scores for moderate plus strenuous exercise minutes. For analyses, participants were categorized as (a) completely sedentary (i.e., 0 min of moderate or strenuous exercise per week), (b) insufficiently active (i.e., some moderate to strenuous minutes of activity but not enough to meet public health exercise guidelines), or (c) meeting public health exercise guidelines (i.e., z60 min of strenuous exercise per week or 150 min of moderate plus strenuous exercise per week) as defined by the American College of Sports Medicine and the Centers for Disease Control (19) . The Leisure Score Index has been found to be valid and reliable in comparison with nine other self-report measures of exercise (20) . The Leisure Score Index has a 1-month test-retest reliability of 0.62 and concurrent validity coefficients of 0.32 with an accelerometer and 0.56 with maximal oxygen consumption.
QoL. QoL was assessed by the Functional Assessment of Cancer Therapy-Bladder (FACT-Bl) scale (21) . The FACT-Bl consists of five subscales: physical well-being (PWB; 7 items), functional well-being (FWB; 7 items), emotional well-being (EWB; 6 items), social well-being (SWB; 7 items), and an additional concerns scale specific to bladder cancer (13 items). The additional concerns scale assesses urinary function (3 items), bowel function (2 items), sexual function (2 items), body image (1 item), weight loss/appetite (2 items), and issues concerning an ostomy appliance (2 items). The PWB, FWB, EWB, and SWB subscales can be summed to form the FACTGeneral (FACT-G) score. The PWB, FWB, and additional concern subscales can be summed to form the Trial Outcome Index (TOI). A 5-point Likert scale ranging from 0 (''not at all'') to 4 (''very much'') was used to rate all FACT items. Higher scores indicate higher QoL. The FACT scales have been found to have acceptable internal consistency, test-retest reliability, and convergent and discriminant validity and to be easy to administer and brief (22) .
Fatigue. Fatigue was assessed using the Fatigue Symptom Inventory (23) . The Fatigue Symptom Inventory is a 13-item scale designed to capture multidimensional aspects of fatigue in cancer survivors. The Fatigue Symptom Inventory consists of four ratings of intensity of fatigue over the past week (most fatigue, least fatigue, average fatigue, current fatigue), two ratings of duration of fatigue in the past week (number of days fatigued, time spent per day fatigued), and a fatigue interference subscale (7 items). The Fatigue Symptom Inventory has been found reliable and valid in a sample of women with breast cancer (23) and in a sample of men and women with mixed cancers (24) .
Statistical Analyses. Changes in exercise behavior across the three cancer-related time periods were analyzed with a one-way repeated-measures ANOVA and dependent t tests. Differences in QoL based on the exercise categories were tested using ANOVA followed by independent t tests. We repeated these analyses using analysis of covariance to control for demographic and medical variables that had statistically significant associations with the FACT-Bl or any of its subscales in our data set. Our analytic strategy was to first test for differences in the largest aggregate scale (i.e., FACT-Bl) and, if significant, continue with tests of the smaller aggregate scales (i.e., FACT-G and the TOI) followed by the subscales (i.e., PWB, FWB, SWB, EWB, and additional concerns). We also had an interest in several aspects of the additional concern subscale that were analyzed separately (i.e., urinary function, bowel functioning, sexual function, and body image). For fatigue, we used similar analyses (ANOVA and analysis of covariance followed by t tests) for each of the seven fatigue variables (i.e., most, least, average, current, interference, days spent fatigued, and time fatigued). Covariates for the analysis of covariance were demographic and medical variables that had significant associations with any of the fatigue indicators. We tested several demographic and medical variables as potential moderators of the associations between exercise and QoL/fatigue. For these analyses, we conducted ANOVA with age (<65 versus z65 years), sex, body mass index (nonobese versus obese), presence of an ostomy appliance, tumor invasiveness (superficial versus invasive), adjuvant therapy (yes versus no), and current cancer status as potential moderators. We used a strategy similar to the main effects analysis by first testing the FACT-Bl as the dependent measure followed by the FACT-G and the TOI and finally the subscales. For fatigue, all seven fatigue dimensions were tested. These analyses were repeated using ANCOVA with the same covariates as the main-effects analyses.
Results
A detailed report of the flow of participants through the study is presented elsewhere (17) . Briefly, we received a total of 525 completed questionnaires from the 1,287 bladder cancer survivors who were mailed the baseline questionnaire. Based on the subtraction of 200 surveys that were returned unopened and 60 that were ineligible or could not respond, we estimate our response rate to be 51% (525 of 1,027; ref. 25) . Demographic and medical variables of the participants are displayed in Tables 1 and 2 . Descriptive statistics of exercise, QoL, and fatigue variables are displayed in Table 3 .
Exercise Behavior across the Three Cancer-Related Time Periods. Based on the entire sample (n = 525), dependent t tests showed that exercise levels for moderate and strenuous exercise were significantly higher pre-diagnosis (mean, 89.6 min/wk) compared with the past month (mean, 74.5 min/wk; P < 0.001). For those who had received adjuvant treatment (n = 340), results of the one-way repeated-measures ANOVA found a significant effect for time [Wilks' Lambda = 0.86, F (2,338) = 27.96, P = 0.001]. Follow-up dependent t tests showed that exercise levels dropped significantly (P < 0.001) from pre-diagnosis (mean, 80.3 min/wk) to during treatment (mean, 42.2 min/wk) and then increased significantly (P < 0.001) from during treatment to the past month (mean, 68.5 min/wk) but did not return to pre-diagnosis levels (P < 0.001).
Exercise Patterns across the Cancer Experience. We categorized participants into eight exercise patterns based on their exercise participation during each of the time points of the cancer trajectory (i.e., pre-diagnosis, treatment, and past month; Table 4 ). At each time point, participants were identified as ''active'' (i.e., meeting public health exercise guidelines) or ''inactive'' (not meeting public health exercise Table 5 ). Additionally, the insufficiently active group reported significantly higher scores Table 5 ). After covarying for prognostic factors for QoL (i.e., current cancer status, presence of an ostomy appliance, tumor invasiveness, and age), most of the associations between exercise and QoL were reduced, although the comparisons between the meeting guidelines group and the completely sedentary group remained meaningful and statistically significant, whereas the comparisons between the insufficiently active and completely sedentary group became trivial and statistically nonsignificant (Table 5) . Table 6 ). Additionally, the meeting guidelines group reported significantly lower scores compared with the insufficiently active group on most fatigue (P = 0.027, d = 0.33), average fatigue (P = 0.012, d = 0.36), and current fatigue (P = 0.026, d = 0.33; Table 6 ). After controlling for prognostic factors for fatigue (i.e., body mass index, current cancer status, presence of an ostomy appliance, degree of invasiveness, and age), most of the associations were reduced, but they remained meaningful and statistically significant ( Table 6 ).
Differences in

Moderators of the Associations between Exercise and QoL/
Fatigue. There were no significant interactions between exercise category and any of the demographic or medical variables. Adjusting for current cancer status, presence of an ostomy appliance, tumor invasiveness, and age did not alter these results. 
Discussion
As hypothesized, the exercise prevalence rate in bladder cancer survivors was lower (22%) than the general Alberta adult population ages 55 years and older (34% for men and 29% for women; ref. 26 ) but was similar to other cancer survivor groups (20-30%; refs. 14-16, 27). We also found that exercise levels decreased from pre-diagnosis to active treatment and then increased from active treatment to the past month, but not back to pre-diagnosis levels. These changes seem to exceed those that would be expected from aging alone. Specifically, the difference of 5.5 percentage points in the number of participants meeting public health exercise guidelines between pre-diagnosis and past month (f6 years on average) is higher than the expected decrease of f3 percentage points per decade for older adults in the general population (26) . When we examined the exercise patterns of bladder cancer survivors, we found that over 90% could be categorized into one of four groups (i.e., maintainers, temporary relapsers, permanent relapsers, and nonexercisers). These findings are consistent with previous studies of colorectal and breast cancer survivors (28, 29) . In the present study, the majority of participants (68%) were nonexercisers, indicating that many participants had a long history of inactivity. Because physical inactivity is related to other poor lifestyle choices, such as smoking and unhealthy dietary habits (30) , these factors may have contributed to the onset of bladder cancer in some of these cases. The finding that the majority of bladder cancer survivors are long-time nonexercisers suggests that exercise behavior change interventions are needed in this population but may be challenging.
Also consistent with our hypotheses, we found that that exercise was positively associated with QoL in bladder cancer survivors. The results generally indicated a dose-response relationship between exercise and QoL, with the lowest QoL scores being reported by the completely sedentary group, slightly higher scores in the insufficiently active group, and the highest QoL scores in the meeting guidelines group. Statistically significant and meaningful associations were found with FACT-Bl, FACT-G, TOI, FWB subscale, PWB subscale, additional concern subscale, sexual interest, erectile function, and body image. Even the adjusted differences between the groups seem to be meaningful. The adjusted difference in FACT-G score between the completely sedentary and meeting guidelines groups was 4.6, which exceeds the proposed minimally important difference of 4.0 for this scale (31) . Although there are no published minimally important differences for FACTBl, the minimally important differences for other FACT scales, such as FACT-B (32) and FACT-C (33), are typically around 7 points. In the present study, the adjusted difference between the completely sedentary and meeting guidelines groups on scores on FACT-Bl was 6.5, suggesting that survivors meeting public health exercise guidelines may perceive a meaningfully better QoL than their completely sedentary counterparts.
Findings from our study are consistent with those in other cancer survivor groups that indicate exercise is positively associated with QoL (12) (13) (14) (15) (16) . Specifically, data from the present study suggest that exercise is associated primarily with the physical and functional aspects of QoL, rather than the social and emotional dimensions. This finding is also consistent with other studies of cancer survivors, suggesting that exercise may have the most benefits for cancer survivors in the physical and functional domains of QoL (12, 13) . Mechanisms through which exercise may influence physical and functional QoL in bladder cancer survivors include improved aerobic fitness, muscular strength, range of motion, balance, body composition, and comorbidity profile. This finding is important because it suggests that exercise may have similar associations with QoL in bladder cancer survivors as it does in other cancer groups.
The present study also found that exercise was positively associated with sexual interest in men and women and erectile function in men. This finding is of particular interest because sexual dysfunction is one of the main QoL issues surrounding bladder cancer (6) . The results of the present study are consistent with one recent study that reported a positive association between exercise and sexual function in prostate cancer survivors (34) . Moreover, in the general population, exercise has been found to improve sexual function in both men and women (35, 36) . Explanations for this association may include physiologic mechanisms, such as increased blood flow and circulating testosterone levels, and social-cognitive factors, such as improved self-efficacy, mood states, and better selfesteem.
Exercise was also found to be positively associated with body image in the present study. This finding is consistent with studies of breast cancer survivors and healthy populations of men (37) and women (38) . The mechanisms for this effect may be through improvements in stamina, strength, agility, and body composition (39, 40) . Unique to bladder cancer, urinary and sexual dysfunction may also mediate body image disturbance by causing negative changes in sexual body image, identity, and body dissatisfaction from treatmentrelated side effects like scarring and urinary diversion. By improving sexual function, exercise may also improve body image.
We also found exercise to be negatively associated with several aspects of fatigue, a finding that is consistent with other studies of cancer survivors (10, 11) . Previous studies, however, have used only unidimensional fatigue measures, In terms of intensity of fatigue, these findings suggest that exercise may be beneficial for improving lower to moderate levels of fatigue but may not have utility for improving the most intense fatigue. In terms of duration, exercise may reduce the amount of fatigue experienced in a given day but not the number of days fatigued. Randomized controlled trials are needed to verify these observations. In the present study, we also found no demographic or medical moderators of the associations between exercise and QoL. This finding is important because it suggests that exercise is associated with QoL in bladder cancer survivors regardless of sex, body mass index, age, presence of an ostomy appliance, tumor invasiveness, adjuvant therapy, or current cancer status.
Our study has important strengths and limitations. To the best of our knowledge, our study is the first to examine exercise issues in bladder cancer survivors and the first exercise study to use a multidimensional measure of fatigue in cancer survivors. Moreover, we obtained a large sample of bladder cancer survivors that were representative of the population of bladder cancer survivors in Alberta, Canada. The main limitation of our study is the cross-sectional design that does not allow us to conclude the causal role of exercise in QoL. From this study, we cannot know with certainty if exercise improves QoL, or if participants with higher levels of QoL are more likely to exercise. Another important limitation is the self-report exercise measure, which may have resulted in an overreporting of exercise. Nevertheless, our study provides important preliminary data suggesting that randomized controlled trials of exercise and QoL in bladder cancer survivors are warranted.
In conclusion, the present study examined exercise prevalence rates and the associations between exercise and QoL in a population-based sample of 525 bladder cancer survivors. We found that only 22% of bladder cancer survivors reported meeting public health exercise guidelines, a percentage considerably lower than the general population. We also found significant associations between exercise and multiple QoL indicators that are important to bladder cancer survivors. The associations held for men and women, obese and nonobese, and young and old regardless of the presence of an ostomy appliance, tumor invasiveness, adjuvant therapy, or current cancer status. Findings from our study provide a rationale for randomized controlled trials of exercise in bladder cancer survivors to determine the causal effects of exercise on QoL and health in this population. These findings, if validated, may warrant efforts to promote exercise for this important, but understudied, cancer survivor group.
